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Photon Detection Overview 

2 processes production scintillation light in LAr 

I. PHOTON DETECTOR SYSTEM FOR LIQUID ARGON

The scope of the photon detector system includes the design, procurement, fabrication,

testing, delivery and commissioning of a subsystem that meets the performance requirements

for light collection in the LBNE liquid argon detector. This subsystem will provide abso-

lute event timing, thereby enhancing the detector’s event localization particle identification

capability. Absolute event timing also makes possible time of flight measurements.

II. PHYSICS MOTIVATION FOR PHOTON DETECTION

A. Photon Production in Liquid Argon

Photons are produced in liquid argon by scintillation and Cherenkov radiation induced

by charged particles. The former dominates by a factor of five. The Cherenkov light is

directional, while the scintillation light is isotropic.

Two processes result in scintillation photons when a charged particle traverses liquid

Argon. An Argon atom may be excited and then form a dimer that radiatively decays.

Ar∗ +Ar → Ar∗2 → 2Ar + γ.

Alternatively, an Argon atom may may be ionized by the charged particle. After the ionized

molecule recombines with an electron, it forms a dimer that radiatively decays,

Ar+ +Ar → Ar+2 + e → Ar∗2 → 2Ar + γ.

There are singlet and triplet states of Ar∗2 with emission lifetimes of 6 ns and 1.6 µs, respec-

tively. 23% of the photon signal is in prompt 6 ns light and 77% of the signal is in late 1.6

µs light. The decay photons are in the EUV and have a wavelength λ = 128 nm.

The photon detector subsystem is designed to detect these 128 nm scintillation photons.
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prompt light at 6 ns (23%) and late light at 1.6 µs (77%) 

photons emitted in VUV at 128 nm where detection is difficult 
•  solution: TPB waveshifter  
    to absorb UV photons and 
    re-emit  in the optical 
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Figure 6: Calibrated current response of AXUV100G photodiode as a function of incident
wavelength as measured by NIST and IRD.
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Figure 7: Visible re-emission spectrum for a TPB film illuminated with 128, 160, 175, and
250 nm light. All spectra are normalized to unit area.
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PMT 

128 nm g	



425 nm g	



TPB doped acrylic coating 

Acrylic light guide 
APA wires 

dAPA 

NPE for 340 MeV K (proton decay) - 
ignoring light from K daughters 

NPE for 10 MeV electron (SN detection) 
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J. Conrad (MIT) 
APA wires 

Use fast & slow scintillation light 
tfast  = 6 ns (23% of total) 
tslow = 1600 ns (77% of total) 

Ref LBNE Doc #4134 

3 June 18, 2012 



June 18, 2012 

The Plan 

The primary goals of this project are to investigate the additional science scope  
that a photon detection system would enable for (underground) liquid argon  
detectors, to establish the science-driven performance requirements, and to build  
and test a prototype that meets these requirements. 

Three components to the Program: 
1.  Development of a prototype system for tests in the 35-ton cryostat 
2.  Simulations of photon detection in LAr TPCs 
3.  Develop photon detector designs for the next generation of LArTPC detectors 
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Science Drivers: Underground 

1.  Proton Decay 

There are significant “non-accelerator” science objectives that large,  
deep LArTPC detectors can explore. 

•  critical issue is to achieve extremely high rejection of backgrounds, less than  
     one event per 100 kt-yrs, that could masquerade as the very rare signal. 

-  “golden” proton-decay channel in LAr ( p -> K+ν) mimiced when a K+  
       outside the exterior cathode planes enters the fiducial volume 
-  photon detection unambiguously determines the position of the event  
     in the detector 

2.  Supernova Neutrino Bursts 

•  detailed timing information from a photon system greatly enhances the 
     understanding of the evolution of catastrophic stellar core collapse processes 
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Science Drivers: Underground 

3.  Atmospheric Neutrinos 
•  unique among sources used to study oscillations since the oscillated flux  
     contains neutrinos and anti-neutrinos of all flavors, thereby enabling sensitive  
     searches for new physics signatures 
•  the photon detection system improves the energy resolution, reducing  
     systematic errors in the analyses, enabling more accurate searches 

4.  Mitigation of Spallation Backgrounds 

•  muons and muon-induced fast neutrons entering the detector from  
     the surrounding rock 
•  backgrounds are important for neutrino detection in the range of a  
     few to a few tens of MeV 
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Science Drivers: Surface Detector at Homestake 

Photon detection is a valuable tool in a large surface LAr detector 
for mitigating backgrounds from CRs      

•  beam spills ~ few µsec, drift times ~ few msec 
•  the CR background rate ~ 10 kHz 
•  in a few msec, a handful of CR muons will fall within the  
     drift time window 
•  with accurate t0 from the photon detection system, events  
     outside the beam spill window can be accurately identified; 
     with dE/dx corrected with t0, particle ID will further improve 
     background rejection 
•  in conjunction with tracking that point events back to Fermilab,  
     photon detection improves beam neutrino detection 
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Research Program: Light Guides 

1.  Prototyping Conceptual Design 

Conceptual light guide design as described in CDR 

LBNE CD-1 Director's Review – 26-30 March 2012! 12!
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Research Program: Light Guide Mounting 
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Photon Detection Overview: 
Paddles Mounting to APA Frame 

DETAIL  A

DETAIL  B DETAIL  C

IUCEEM 
INDIANA UNIVERSITY CENTER FOR

EXPLORATION OF ENERGY & MATTER !!
2401 MILO B. SAMPSON LANE

BLOOMINGTON, IN 47408
(812) 855-9365   http://ceem.indiana.edu/

DRAWN

NAME DATE

CHECKED

APPROVED

TITLE

UNITS

MATERIAL:

DWG NO:

SHT.     OF   SIZE:

UNLESS OTHERWISE
SPECIFIED

BREAK ALL
EDGES

.015
CHAMFER

TOLERANCES:

REV

 ANGULAR !

DIMENSIONAL
.X  .06

.XX  .02
.XXX  .005

.XXXX  .001

APA FRAME

mm

 

4010342
1 1 D

1
WIHT LIGHT PANELS

LAr DUSEL

A

B

C

LIGHT PANELEND SPACER4010350 106
LIGHT PANELCLAMP4010349 205
LIGHT PANELCLIP4010348 204
LIGHT PANELSPMT BRACKET4010347 203
TPC MODULE LArLIGHT PADDLE315351-000 102
TPC PANELAPA FRAME4010335 11

40100342 APA FRAME WITH LIGHT PANELS
SUBJECTTITLEPART NUMBERU of MQTYITEM

4

5 4

56

3

2

1

foxw   10/25/2010

(700) mm TYP.

10 paddles per APA frame for now 
if we cut costs, we can build more, 

better solid angle coverage 

LAr WG, March 8, 2012 16 
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Research Program: Coating Paddles 

Light guides coated with waveshifter to convert 128 nm VUV photons  
from LAr scintillation to visible 420 nm light for detection –  
•  develop coating methods: 

 

• Light Guide Coating Apparatus 

We have developed a facility to test coating technology for the waveguides.  A schematic of the 
apparatus is shown in the figure below along with the prototype setup itself.  The prototype 
apparatus is set inside a fume hood for safety since the waveshifters are first dissolved in toluene 
before spraying. 

 

We are currently coating cast acrylic bars with both bis-MSB and TPB.  We are experimenting 
with different concentrations of waveshifter + toluene that are dissolved in polystyrene.  These 
tests are looking to find the optimum viscosity and waveshifter concentrations. 

• Photodetector Characterization 

We have developed several pieces of apparatus meant to characterize and calibrate 
photodetectors for the challenging space environment found at L2.  Among these is the device 
pictured below, developed to measure the dark current and relative spectral response of 
photodiodes as a function of wavelength.  We will use this apparatus to characterize the 
Hamamatsu SiPMs for the photon detectors prototyped at IU for the 35-ton prototype tests. 

Figure 2: Examples of waveforms after cuts described in Sec 3.1. The first pulse is early light
which produces the trigger. The trigger level is set at a 15 ADC counts, which corresponds
to just below 3 PE, as determined in Sec 3. The early pulses (with time constant of ∼ 6 ns)
are produced by multiple UV photons impinging on the bar. Thus the early pulses vary in
pulseheight. Single-PE late light pulses can be also be seen in these events.

ditional mode with record headers enabled. The channel is configured to have

an input range of ±200 mV. A trigger is produced by a negative pulse with an

amplitude that exceeds 15 ADC counts, which corresponds to a peak voltage

of −23.44 mV. When a trigger is produced, 128 pre-trigger samples and 384

post-trigger samples are recorded at a sampling rate of 1 gigasample per sec-

ond, leading to a total recorded profile of width 0.512 µs from both channels.

We store the pulse profiles to disk for later analysis offline.

Figs. 2 and 3 provides some illustrative examples of event waveforms. The

first pulse, which is required to be above the 15 ADC-count trigger, is consistent

with the many photons expected for the early light. Despite the impurities in

the industrial grade argon, we do observe late-light pulses in the events.

3. Conversion to Photoelectrons

We use both early and late pulses to convert pulseheight information in the

waveforms to the number of PE in the event.

3.1. Analysis Cuts for the Calibration Samples
In order to perform the calibration, “clean pulses,” such as those shown in

Fig. 2 are needed. However, the majority of events have merged pulses, such

are shown in Fig. 3. We apply cuts to obtain clean pulses as described in this

5
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Photon Detection Overview: coating light guides!

as well as the needle assembly have to be stainless steel.  Appendix 2 has details of this spray 
gun.  This spray gun comes with the option of installing several different sizes of needles and 
nozzles depending on the viscosity of the material.  Since the viscosity of the spray material will 
be varied during prototyping it is recommended that all of the needle/nozzle assemblies be 
purchased and used to evaluate the spraying. 
 
Spraying is started by opening a valve on the main air inlet, see Figure 2.  A minimum of 50psi is 
needed to actuate the gun.  The nozzle would be positioned initially so that when spraying starts 
it is not spraying the scintillator.  Once spraying is initiated the go  button on the motor 
controller would be pressed to start the slide motion.  The nozzle would continue to move until 
the spray was past the far end of the scintillator and then the spray could be stopped by closing 
the air inlet valve.   
 
The spray material would be supplied from a 2 gallon stainless steel tank that is under pressure.  
Binks Part # 183S-220 would be used.  This tank comes with two regulators.  A common air inlet 
feeds both regulators.  One regulator sets the pressure for the tank, the 2nd regulator sets the 
pressure for the spray gun.  Information on the tanks and spray gun are in Appendix 2.   
 

 
Figure 1a  Spraying Fixture 

 
 
 
 

 
Figure 1b  Close up view of spraying nozzle and scintillator. 

 

 
Figure 1c  Side View of Spraying Fixture 

 
 

DESCRIPTION

The Binks 460 Automatic Spray Gun is a small precision
gun designed with accuracy in mind, for ease of fitting
to existing automatic and semi-automatic machine. 
Its compact dimensions also enable the gun to be
installed neatly and at close quarters, where the standard
range of automatics cannot be accommodated. 

FEATURES

• Aluminum alloy body with brass air nozzle.

• Stainless steel needle valve and springs.

• Both gun operation and spray variation is controlled
from a single air supply.

• Control valves for atomization fan and air flow.

• No lag, instant piston controlled “on and off”.

• A range of fluid nozzles for applying many liquid coatings.

GUN ASSEMBLY ORDERING INFORMATION

6401-1800-5
460 Gun J920SS-J92P with .020" Fluid Nozzle

6401-1900-5
460 Gun J930SS-J92P with .030" Fluid Nozzle

6401-2000-5
460 Gun J940SS-J92P with .040" Fluid Nozzle

6401-2100-8
460 Gun K960SS-K92P with .060" Fluid Nozzle

SPECIFICATIONS:

Max Air Pressure: 100 PSI/6.8 Bar
Min Air Pressure: 50PSI/3.4 Bar
Max Fluid Pressure: 100 PSI/6.8 Bar
Air Volume Requirements: 20 SCFM Max 
Gun Body: Aluminum Forging
Fluid Path: Stainless Steel
Fluid Inlet: 1/4" NPS (M)
Air Inlet: 1/4" NPS (M)
Gun Weight: .43 Ibs/.2kg
Gun Mounting Hole: 1/2" Dia.

Binks Model 460 
LIGHTWEIGHT AUTOMATIC

SPRAY GUN

AIR FLOW ADJUSTMENT
Clockwise to reduce pressure;
Counterclockwise to increase pressure.

FAN SPRAY WIDTH ADJUSTMENT
Clockwise to reduce pressure;
Counterclockwise to increase pressure.

1/2" DIA. MOUNTING HOLE

Replaces 
Part Sheet 
77-2019R-2   

Part 
Sheet

77-2019R-3

FLUID NEEDLE
ADJUSTMENT

FLUID INLET 
1/4 NPS(m)

AIR INLET 
1/4 NPS(m)

16!

test setup at IU 
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Research Program: Value Engineering 

Look for plastic with long  
attenuation length –  
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Investigate alternative  
waveshifters –  

Stuart Mufson 

Value Engineering –  
Alternative Wavshifter: bis-MSB 

LAr WG, March 8, 2012 18 

VUV monochromator 

co-extruded  
sample 

PMT  
(R7725 MOD) 

comparison of bars with  
(1)  no waveshifter  
(2)  3% TPB  
(3) 3% bis-MSB 
(4) 6% bis-MSB 
 

observations:   
•  light output from TPB  
     and bis-MSB comparable 
•  serious stray light problems 

-  apparatus modified 
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Research Program: DAQ Readout 

Flexible electronics design as described in CDR –  
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Research Program: 35t Prototype Tests 

Test prototype photon detector system in LBNE 35-ton prototype 
membrane cryostat 

PROJECT DESCRIPTION

background suppression and supernovae studies, and is sufficient to allow a measurement of neutrino
time of flight in the LBNE detector. The digitized waveform and time tag data are read out by a front
end processor that generates time slice packets in the same format used in the TPC readout and then
transmits these to the global data processing farm through a TCP/IP link. This conceptual design is
flexible enough to be used in virtually all downstream data acquisition environments.!"#$#%&'($()$*#%&+,-$(.&/(01#2$&34()$5#%*)-&
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4.2.2 Test of Conceptual Design in 35-ton Prototype Cryostat at Fermilab

The LBNE project has contracted with the Japanese company IHI to build a small prototype membrane
cryostat at Fermilab. A model of this cryostat is shown on the left of Fig. 7. This 35-ton unit is to
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5,404 mm

Figure 6: Left: 3D model of the 35-ton membrane cryostat, showing the cover plates and the 2.3 m
access hatch. Right: Schematic setup for testing 2.5 m long prototype photon detector modules in LAr.

be built and made operational in 2012 at Fermilab’s PC-4 facility and is meant to demonstrate that
high-purity operation is achievable. Once this testing program is completed, the cryostat will be made
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project has agreed to fund a LAr fill for these tests  
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LAr Test Facility at IU 
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Figure 2: Examples of waveforms after cuts described in Sec 3.1. The first pulse is early light
which produces the trigger. The trigger level is set at a 15 ADC counts, which corresponds
to just below 3 PE, as determined in Sec 3. The early pulses (with time constant of ∼ 6 ns)
are produced by multiple UV photons impinging on the bar. Thus the early pulses vary in
pulseheight. Single-PE late light pulses can be also be seen in these events.

ditional mode with record headers enabled. The channel is configured to have

an input range of ±200 mV. A trigger is produced by a negative pulse with an

amplitude that exceeds 15 ADC counts, which corresponds to a peak voltage

of −23.44 mV. When a trigger is produced, 128 pre-trigger samples and 384

post-trigger samples are recorded at a sampling rate of 1 gigasample per sec-

ond, leading to a total recorded profile of width 0.512 µs from both channels.

We store the pulse profiles to disk for later analysis offline.

Figs. 2 and 3 provides some illustrative examples of event waveforms. The

first pulse, which is required to be above the 15 ADC-count trigger, is consistent

with the many photons expected for the early light. Despite the impurities in

the industrial grade argon, we do observe late-light pulses in the events.

3. Conversion to Photoelectrons

We use both early and late pulses to convert pulseheight information in the

waveforms to the number of PE in the event.

3.1. Analysis Cuts for the Calibration Samples
In order to perform the calibration, “clean pulses,” such as those shown in

Fig. 2 are needed. However, the majority of events have merged pulses, such

are shown in Fig. 3. We apply cuts to obtain clean pulses as described in this

5

fast light!
trigger!

slow 
light!

Fast scintillation light signals have been observed whose topologies match those in 
Bugel et al.  Nucl.Inst.Meth. A 640, 69 (2011) – MIT group 

LAr Test Facility: Results 

IU MIT 
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Research Program 

2.  Simulations 

•  Simulation, reconstruction and analysis code for LArTPCs exist as LArSoft 
-  improve & expand code to answer basic physics questions 

•  Overall goal is to evaluate LArTPC physics sensitivity as a function of photon  
     collection ability in general, and for the specific configurations in particular 

-  Building on basic photon simulation code that already exists in LArSoft,  
             we will develop code enabling simulation of different photon collection  
             design configurations in a flexible way 

-  develop reconstruction code optimized for low energy (up to a few  
      tens of MeV) events 
-  study how well cosmogenic low-energy (e.g. spallation) events be rejected  
     using vertex information enabled by photon collection 

16 
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Paddle Geometric Acceptance – Bruce Baller 
Side View of Drift Cell 

18 

CPA 

APA 

h 

2 x 116cm 

r 

q	



 dq = 2 tan-1( w cosq / 2r)	



w 

P1 P2 P3 P4 

Localized 
energy 
deposition 

Paddle 
Length 

Paddle 
Width x 

P5 P6 

Ignore 

Geometric 
Acceptance  

 tan-1(h/200) 

2p 
x 
dq 
2p  

= 

June 18, 2012 



June 18, 2012 19 

•  (Geometric Acceptance) x (Wire Plane Transmission) for 4 adjacent paddles (P1 - P4) for  
     light emitted a distance h (0 - 370 cm) directly above paddle P1. 

•  At a distance of 2.3 m the product < 1% for P1 and P2 (60 cm away). 
•  Paddles P3 (120 cm away) and P4 (180 cm away) down by an order of magnitude.  
•  Conclusion: light produced +/-2.5 m away from any paddle transverse to the  
     drift direction will not hit the paddle.  


